A dot immunobinding assay (DIA) was used for the detection of antibody against bovine herpesvirus 4 (BHV-4) in experimentally infected specific-pathogen-free male and female rabbits. A semipurified virus preparation was used as the antigen, and protein A/G-horseradish-peroxidase conjugate and diaminobenzidine tetrahydrochloride were used as the detection system. Results of the DIA procedure on serum samples of experimentally infected male and female rabbits were compared with those of a complement-dependent virus neutralization (VN) test. None of the tested sera (0/60 samples) from either male or female rabbits were positive by the complement-dependent VN test. Results of the DIA procedure for the same tested sera were positive in 35 of 60 samples (58%) from BHV-4 infected rabbits, indicating higher sensitivity of DIA procedure as compared with the complement-dependent VN test.
Bovine herpesvirus 4 (BHV-4) is one of the members of bovine herpesviruses, and is grouped in the family Herpesviridae, subfamily Gammaherpesvirinae. 8, 11 A number of BHV-4 isolates have been reported from cattle with epididymitis, 21 vaginitis, 1 and abortion. 3, 12, 13 Variation in the pathogenic potential of BHV-4 isolates may be present, 15 and studies on BHV-4 isolates indicate that only certain isolates of BHV-4 have the potential to cause clinically identifiable infection in natural or experimental hosts. 4, 5, 15, 17 BHV-4 induces neutralizing antibodies of low avidity that are barely detected by standard serum neutralization, but detection is enhanced with the addition of complement. 6, 7, 10, 18 Because the detection of BHV-4 infection or exposure is difficult, a dot immunobing assay (DIA) antibody detection method was developed, and sensitivity was compared with that of a complement-dependent virus neutralization (VN) test.
Materials and methods
Serum samples. Sixty serum samples were collected at various postinfection (PI) intervals from 4 groups of experimentally infected specific-pathogen-free SPF male and female Dutch-belted rabbits. Treatment, group design, and intervals of euthanasia of both male and female rabbits are given in Tables 1 and 2 .
Viral antigens. Strain 87-8363 of BHV-4 10 was propagated in bovine turbinate (BT) cell line a using Eagle's minimal essential medium (MEM) containing 10% fetal bovine serum and antibiotics. After 90% cytopathic effect (CPE) was detected, the cell suspension was frozen and thawed 3 times (Ϫ70 C/37 C). The cells then were pelleted at 1,000 ϫ g for 20 min. The pellet was sonicated b for 15 sec with a 20-kHz microprobe at 75 watts of power and clarified by centrifugation at 1,000 ϫ g for 20 min. The supernatant was centrifuged for 2 hr at 44,000 ϫ g. c The virus pellet was resuspended in 0.1% bovine serum albumin (BSA) in Tris-buffered saline (TBS) (10 mM Tris, 150 mM NaCl, pH 7.6). Virus-free cell cultures, processed and treated the same way as the virus stock, were used as noninfected controls. Processed viral antigens and noninfected control cell culture supernatant fluid were stored at Ϫ70 C until used.
Antiserum. Known BHV-4-positive (polyclonal) sera d and BHV-4-negative sera e were obtained. The status of these sera were verified by the complement-dependent VN test.
Virus assay. The infectivity of the virus stock was assayed in 96-well flat-bottom microtiter plates using BT cells. The virus titer was calculated 19 and expressed as TCID 50 .
DIA methodology. The DIA is a modification of previously described enzyme-linked immunosorbent assay (ELISA) procedures. 9,10 Plain white nitrocellulose (NC) sheets with 0.45-m pore size f were cut into strips of 4 ϫ 0.5 cm and marked with lead pencil for the orientation of the antigen dots. Processed viral antigen and noninfected cell control supernatant fluid were dotted on each strip at 1-cm intervals and allowed to dry at room temperature for 15 min. Nonreacted protein binding sites were blocked by immersing and rocking the strips in 1% gelatin in 10 mM TBS, (pH 7.6) for 90 min, followed by washing in plain TBS (pH 7.6) for 5 min. The NC strips were used immediately after drying.
The NC strips were placed in test sera diluted 1:100 in TBS with 0.1% BSA for 90 min at room temperature on a shaker. Positive (bovine antiserum to BHV-4) and negative serum control (known negative bovine serum) and pooled negative rabbit sera (PNRS) were included. After washing 4 times in TBS, the strips were submerged in protein A/G- horseradish-peroxidase conjugate g diluted 1:3,000 in TBS (pH 7.6).
After 90 min at room temperature, the strips were washed again in the same manner, and the reaction was developed in 50 mM TBS containing 0.15% diaminobenzidine, h 0.04% NiCl 2 , and 0.02% H 2 O 2 . The strips were washed in tap water and air dried before visual interpretation of the results.
The sera of tested rabbits were considered to be positive for BHV-4 antibodies when their dots (site of antigen-antibody complex on NC strips) were as dark as or darker (slate black) than the dots of BHV-4-positive control serum. However, the dots of tested sera were interpreted as negative for BHV-4 antibodies when they were nonreactive (as the bovine negative control serum) or no darker than the PNRS spots.
Complement-dependent VN test. Serum samples of all groups of infected rabbits were evaluated for the presence of antibodies against BHV-4 through the following standard procedure. 2 Serum samples of rabbits were heat inactivated at 56 C for 30 min. The sera, including positive and negative control sera, were diluted (2-fold dilutions) aseptically down the columns of a microtiter 96-well plate with a Titertek Multidiluter. i The virus stock was diluted in MEM plus buffered HEPES containing 10% guinea pig complement j to obtain a concentration of 10 2 TCID 50 /well. The plates were incubated for 1 hr at 37 C in a CO 2 incubator, followed by addition of BT cells to all wells. Finally, all plates were incubated at 37 C in a CO 2 incubator until the CPE could be visualized (6 days after incubation).
Results

DIA.
Results of serology are listed in Table 2 . All virus-inoculated female rabbits of group 1 showed no evidence of antibodies against BHV-4. Virus-inoculated female rabbits of group 2 were all strongly positive for BHV-4 antibodies using crude antigen prepared from BHV-4 (strain 87-8363). Sera from the experimentally inoculated male rabbits of group 3 all tested positive, as did 15 of 16 sera from group 4 rabbits. Only 1 sample (collected 10 days PI) of 4 samples from 1 animal in group 4 showed no detectable antibodies for BHV-4. However, the subsequent 3 samples collected from that animal were strongly positive for the presence of antibodies to BHV-4.
The calculated sensitivity for the DIA procedure for detection of exposure to BHV-4 in sera from rabbits inoculated with BHV-4 virus was 0% and 100% in groups 1 and 2, respectively (females), and 100% and 93.75% in groups 3 and 4 (males), respectively.
Neutralizing antibodies. Experimental BHV-4-inoculated male and female rabbits did not produce neutralizing antibody that was detectable using the complement-dependent VN test.
Discussion
Serum samples of all inoculated female and male rabbits were tested by complement-dependent VN test and DIA to compare the sensitivity of the 2 tests. No neutralizing antibodies were detected. This result was in agreement with those of the other studies in which the humoral immune response to BHV-4 infection in cattle was characterized by low neutralizing antibody levels or an absence of such antibodies. 5, 22 Adding complement did not increase the sensitivity of the VN, which has been reported to enhance the sensitivity of this assay. 6, 7 None of the female rabbits of group 1 had a positive DIA or VN test result. This finding suggests that either intravaginal inoculation does not result in viral replication or infection in rabbits or neither of the tests are able to detect a subsequent immune response. Virus was demonstrated by electron microscopy and immunoperoxidase in 1 doe from group 1 that aborted, but virus was never isolated from any rabbits of group 1 (unpublished), and all rabbits were serologically negative. The explanation for the negative results of group 1 is unclear but may reflect the lack of BHV-4 propagation by intravaginal inoculation.
Of practical importance in the DIA is antigen stability. In a previous study, the viral antigen was stable after dotting and drying when stored in a refrigerator (at 4 C) for future use. 16 This stability was not observed in the present study where overnight storage of NC strips at 4 C resulted in failure of the positive control reaction.
The extremely low concentration of neutralizing antibody in BHV-4 infection 3, 14, 18, 20 and the lengthy and sophisticated equipment-dependent protocols of both the standard ELISA and the VN test encourage the use of DIA, which is rapid, simple, highly sensitive, and easy to interpret visually, to detect the immunologic response in BHV-4 infection. Moreover, the DIA protocol can be easily adapted under field conditions for rapid detection of antibodies. 16 The test can be completed within 6 hours, and one or more samples can be tested at one time. The high sensitivity of the DIA procedure in the present study was an indication that it is a reliable and simple test to use for serologic surveys of large populations of animals.
